The male accessory sex organs and epididymis regress following androgen depletion, although the onset of apoptosis varies temporally depending upon the tissue type. Transforming growth factor-1 (TGF-1) is an androgen-repressed gene and believed to be an apoptotic agent in the regressing rat ventral prostate (VP). Hence, in order to investigate the status of TGF-isoforms following castration in androgen-dependent tissues other than VP, this study was undertaken. Northern blot analysis using total RNA from these tissues of intact animals showed higher levels of TGF-1 expression as compared with VP, indicating a function other than that of an apoptotic agent for this isoform. Following orchiectomy, TGF-1 was induced in all organs studied and the levels were highest at day 3 following castration in seminal vesicle (SV) and the epididymis and decreased by day 5 despite the absence of androgens. This observation implies that TGF-1 might not be a truly androgen-repressed gene in these tissues. TGF-2 was up-regulated in VP, SV, caput and corpus epididymis but was undetectable in the dorsolateral prostate and cauda epididymis. On the other hand, TGF-3 expression was refractory to the androgen status in corpus epididymis and SV but was up-regulated in the remaining tissues. The castration-induced induction of mRNAs was attenuated after exogenous androgen administration. Most importantly, all the isoforms differed significantly in the time and magnitude of induction following castration, suggesting that a single hormone, testosterone, modulates the expression of TGF-s in an isoform-and tissue-specific manner.
INTRODUCTION
The transforming growth factors-(TGF-s) are versatile peptide modulators of cell function and influence several processes including tissue remodeling and repair, development and differentiation of organ systems, carcinogenesis and immunesuppression (Roberts et al. 1988 ). TGF-s are potent inducers of extracellular matrix production and growth inhibitors of epithelial cells (Massague 1990) . Three distinct isoforms have been identified in mammals, and these differ spatially and temporally in their tissue distribution ). The non-overlapping phenotypes of mice null for individual isoforms have underscored the functional independence of each isotype in vivo (Shull et al. 1992 , Kulkarni et al. 1993 , Kaartinen et al. 1995 , Proetzel et al. 1995 , Sanford et al. 1997 ).
In the male reproductive system, TGF-1 has been implicated in the morphogenesis of the rat neonatal seminal vesicle (SV) and ventral prostate (VP) (Tanji et al. 1994 , Timme et al. 1994 . Also, TGF-1 is an androgen-repressed gene and an apoptotic agent in the regressing VP (Kyprianou & Isaacs 1989) . Several lines of evidence suggest a specific role for TGF-s during prostate carcinogenesis (reviewed in Barrack 1997 , Lee et al. 1999 . In addition to the VP, the dorsolateral prostate (DLP) lobes, the SVs and epididymis are targets of androgen action and regress following androgen depletion. The magnitude and time of onset of cell death post androgen depletion vary depending on the tissue and cell type under consideration (Wahlqvist et al. 1996 , Yamashita et al. 1996 . As TGF-s are implicated in apoptosis, it is important to study the pattern of isoform expression following castration in all these tissues. We have previously reported the differential distribution of TGFisoforms in the accessory sex glands and epididymis (Desai et al. 1998) . This study describes the castration-induced modulation of TGF-isoform expression. The results indicate that androgen depletion leads to differential modulation of TGF-s depending upon the isoform and tissue type under consideration.
MATERIALS AND METHODS

Animals
Male Wistar rats (IISc strain) aged 60-70 days were maintained according to the guidelines of the institute. In each cage, four animals were housed with access to rat chow and water ad libitum. Animals were castrated surgically via scrotal incision under ether anesthesia and killed by cervical dislocation on day 1 (C1), day 3 (C3) and day 5 (C5) post operation. On C3, an independent group received 1 mg testosterone/kg body weight intraperitoneally in polyethylene glycol (C3+T). The control group included sham-castrated animals (I). The male accessory sex organs and the epididymis were dissected out, cleaned of debris, snap frozen in liquid nitrogen and stored at 70 C until further use.
Northern blot analysis
Frozen tissue samples were used for extraction of total RNA using one-step purification by guanidium isothiocyanate (Chomczynski & Sacchi 1987) . RNA concentration was determined by measuring absorbance at 260 nm and the purity was assessed by the ratio of absorbance at 260/280 nm. Total RNA (20-40 µg) was resolved on a 1·2% agaroseformaldehyde gel, blotted onto Hybond-N nylon membrane (Amersham International plc, Amersham, Bucks, UK) and sequentially hybridized to TGF-isoform-specific probes (Denhez et al. 1990 , Qian et al. 1990 , Millan et al. 1991 by the method of Church & Gilbert (1984) . The cDNAs were labeled using a Megaprime labeling kit (Amersham International plc) using -32 P-dCTP (specific activity 3000 Ci/mmol; NEN, Dupont, Boston, MA, USA). Prehybridization was carried out for 30 min at 65 C in a buffer containing 1% bovine serum albumin, 7% SDS, 1 mM EDTA and 0·5 M disodium hydrogen phosphate (pH 7·0). 
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Blots were hybridized with 3 10 6 c.p.m. labeled cDNA/ml pre-hybridization buffer for 16 h at 65 C. The non-specific interactions were minimized by washing the blots with 2 SSC/0·1% SDS at room temperature for 30 min (3 10 min) followed by another 30 min with 0·2 SSC/0·1% SDS at 65 C (3 10 min). The blots were exposed to Hyperfilm (Amersham International plc)  2. Modulation of TGF-isoforms in the DLP. (A) A representative blot hybridized to TGF-1 and TGF-3 isoforms and GAPDH cDNAs. TGF-1 was induced by C3, and decreased by C5, whereas TGF-3 is marginally induced following castration. The TGF-2 mRNA could not be detected in this organ probably due to extremely low levels of expression.
(B) Results of quantitative analysis of the Northern blots shown in (A).
 3. Castration-induced modulation of TGF-isoforms in the rat SV. (A) Total RNA was isolated from SV at C1, C3 and C5 following castration and 20 µg of this RNA was hybridized sequentially to TGF-1, TGF-3 and 18S rRNA probes. RNA (40 µg) was used for hybridization of TGF-2-specific cDNA. The results show that the TGF-2 gene was androgen repressed in this organ and was down-regulated upon testosterone treatment (C3+T). In contrast, TGF-3 was refractory to the androgen status and TGF-1 was induced at C3 but was down-modulated by C5. (B) Densitometric scanning of the blots obtained in three independent experiments. 
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RESULTS
In the organs studied, TGF-1 predominantly displayed 2·5 kb mRNA and 1·9 kb transcript was detected following induction. TGF-2 displayed 4·8 and 3·8 kb transcripts, whereas a single 3·5 kb transcript was detected for TGF-3.
Ventral prostate
Orchiectomy was performed on male rats and animals were killed on C1, C3, and C5 post operation. Sham-castrated animals served as intact controls (I). In parallel, a C3 group was injected with testosterone daily for a period of 3 days (C3+T). Total RNA isolated from the rat VP was subjected to Northern blot analysis. Hybridization of isoform-specific probes to the blot revealed massive induction of all the three isoforms of TGF-post castration (Fig. 1A) . A tenfold induction of the TGF-1 transcript was observed in C3 animals, and this increased to almost 50-fold in C5. The TGF-2 expression was analyzed on a duplicate blot and displayed 4·8 and 3·8 kb transcripts out of the four mRNA species reported for murine TGF-2 mRNA. The detected messages were up-regulated upon androgen withdrawal. Amounts of TGF-2 mRNA isolated from intact animals were undetectable and hence densitometric scanning of these blots was not feasible. In the intact group, TGF-3 was expressed to a greater extent than either the TGF-1 or the TGF-2 isoform. TGF-3 was induced to about 15-fold in C3 and 35-fold in C5 samples in comparison with control levels. At C3+T, all observed inductions in the steady-state levels of mRNA were attenuated to near control levels. The densitometric analysis of the Northern blots is shown in Fig. 1B .
Dorsolateral prostate
Northern blot analysis of total RNA isolated at the experimental time-points from DLP revealed the presence of increased expression of TGF-1 mRNA following castration. At C3, an increase of eight-to ninefold was detected which decreased to sixfold by C5. The TGF-3 transcript showed a modest fourfold induction at C5 (Fig. 2) . Both inductions could be abolished by androgen treatment. In this tissue, TGF-2 specific transcripts could not be detected, presumably because of extremely low levels of expression. Hence, the influence of androgen depletion could not be evaluated with regard to this isoform in DLP.
Seminal vesicle
As compared with the rat VP, SV displayed much higher levels of TGF-1 transcript in the intact animals. Following castration, TGF-1 was induced by eightfold at C3 and the mRNA levels decreased by C5 to sixfold above intact levels (Fig. 3) . TGF-2 mRNA was progressively induced upon castration in a manner similar to that observed in the VP. The TGF-3 mRNA levels in this organ remained relatively unchanged upon androgen depletion. All castration-induced expressions were down-modulated upon testosterone treatment.
Epididymis
The three regions of epididymis, the caput (E1), corpus (E2) and cauda (E3), varied remarkably in the pattern of TGF-modulation (Fig. 4A, B and  C) . In all the three regions, substantial expression of TGF-1 mRNA was observed in the intact group of animals as opposed to low levels of both TGF-2 and TGF-3 isoforms. Two transcripts, 2·5 kb and 1·9 kb, were detected in the epididymis. Androgen ablation resulted in the enhancement of the (E2) and (E and F) the cauda epididymis (E3). TGF-1 isoform was induced following castration in E1, E2 and E3 regions although to a variable extent. On the other hand, TGF-2 was detectable only in the E1 and E2 regions wherein it was up-regulated following castration. Interestingly, TGF-3 expression remained unchanged following castration in the E2 and E3 regions but was up-regulated in the E1 region. steady-state levels of both the TGF-1 mRNA species to about three-to fourfold over intact levels in the E1 and E3 regions and approximately tenfold in E2. This induction could be nullified by testosterone treatment. The TGF-2 mRNA was progressively induced up to C5 in E1, was highest in E2 at day 5 but the transcripts were undetectable in the E3 region of the epididymis. The TGF-3 isoform displayed an interesting pattern of regulation. It was induced threefold in the E1 region, modulated marginally in E3 but remained unaffected in the corpus region (E2) following castration.
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DISCUSSION
Androgens control the growth, development and differentiation of the male accessory sex glands and epididymis. Androgen ablation leads to the regression of these organs, albeit at different rates, by the process of apoptosis (Wahlqvist et al. 1996 , Yamashita et al. 1996 . The involution of VP has been studied extensively and TGF-1 has been implicated in the apoptotic cell death following castration (Kyprianou & Isaacs 1988 , 1989 , Banerjee et al. 1995 . To ascertain if TGF-s are modulated by androgen depletion in a similar manner in the other accessory sex glands and epididymis, their regulation was studied following castration.
In addition to the castration-induced modulation of TGF-1 isoform in the rat VP, we report the castration-induced up-regulation of the other two mammalian isoforms, TGF-2 and TGF-3. Hence, all three isoforms could be considered testosterone-repressed mRNAs in the rat ventral prostate. The results for TGF-2 and TGF-3 isoforms in the intact 60-day-old rats (low expression of TGF-2 and high mRNA for TGF-3) were in agreement with those obtained by Itoh et al. (1998) . The same study, however, did not demonstrate the induction of TGF-3 following castration. In the present study, a tenfold upregulation of the TGF-3 mRNA at C3 which progressively increased to 35-fold by C5 was observed. This discrepancy might be due to different methodologies employed. Itoh et al. (1998) have studied the modulation of TGF-isoforms by a semiquantitative RT-PCR approach whereas Northern blot analysis was carried out in the present study.
The basal expression of TGF-isoforms in all other tissues was much higher than in VP, perhaps reflecting less sensitivity to androgen repression and suggesting a physiological function other than induction of apoptosis. SV secretes various protease inhibitors as constituents of semen and TGF-1 is known to induce several such inhibitors, including plasminogen activator inhibitor and tissue inhibitors of matrix metalloproteinases (reviewed by Massague 1990) . TGF-1 induces the contractility of peritubular myoid cells of the testis (Tung & Fritz 1991) . The sperm in the epididymis is immotile and its passage through this organ requires efficient contraction of the tubules. Hence, TGF-s may serve to induce such contractions in intact animals. Modulation of TGF-1 isoform following castration was evident in all these organs, although the level of induction was much lower in comparison with VP. Administration of testosterone to castrated animals resulted in the down-modulation of induced mRNAs. As opposed to the progressive up-modulation seen in the VP, caput and cauda epididymis, in SV, corpus epididymus and DLP maximal induction of TGF-1 was observed at C3, which decreased by C5. This observation suggests that, in these tissues, induction of TGF-1 appears to be transient and, as the levels of mRNA in these organs fall by C5 prior to testosterone replacement, TGF-1 does not appear to be a truly androgenrepressed gene. Recent studies by Yuasa et al. (1999) have shown that TGF-1 is localized to the basal epithelial cells of SV in immature castrated and estrogen-treated rats, implying its importance in epithelial-mesenchymal interactions following castration.
Although induction of TGF-1 mRNA was observed in the caput, corpus, and cauda epididymis, previous studies have demonstrated that only the caput region nearest to the testis regresses irreversibly post castration. The proximity of the caput region to the testis results in its exposure to very high local testosterone concentrations and, hence, caput cells may require such high levels of androgen and other luminal or testicular factors for regeneration. As they cannot be achieved by exogenous administration of the hormone, the caput regression may remain irreversible (Fawcett & Hoffer 1979) . Despite irreversible loss of cells, testosterone application down-regulated the induced TGF-1 expression in the caput region. The second intriguing observation was the induction of TGF-1 as early as C3 in the corpus and the cauda regions which showed apoptosis of principal cells after 5-7 days of androgen withdrawal (Fan & Robaire 1998) . These observations reinforce the speculation that this growth factor indeed serves a function other than that of an apoptotic agent.
The detection of TGF-2 specific transcripts was difficult as this isoform is expressed in very low amounts in most of the organs and cell lines studied so far. The organs from intact animals did not have detectable levels of TGF-2 mRNAs. In the VP, SV, caput and cauda epididymis, castration led to an enhanced expression of the TGF-2 mRNAs by C3, which was maintained up to C5. Although various transcripts of TGF-2 have been reported, only 4·8 and 3·8 kb mRNAs were evident in these tissues. On the other hand, TGF-2 mRNA was undetectable in the total RNA isolated from cauda epididymis and DLP at all experimental timepoints studied.
In contrast to the castration-induced upregulation of TGF-1 expression in all tissues examined, TGF-3 expression in SV and cauda epididymis remained unchanged following castration. Hence, this isoform appears to be refractory to androgen status in these tissues. We have previously shown differential localization of TGF-3 in the epithelial cells of the corpus epididymis (Desai et al. 1998) . Interestingly, in corpus epididymus this isoform was not modulated following androgen depletion. The caput epididymis and DLP displayed a marginal induction of three-to fivefold of TGF-3 by C3 as opposed to the massive induction of TGF-3 expression observed in the VP.
These observations indicate that differential regulatory mechanisms are probably involved in the modulation of the TGF-isoforms by androgens. Detailed investigation of each of these observations will provide a myriad of mechanisms by which androgens regulate the TGF-subfamily. In conclusion, androgen regulation of TGF-isoforms appears to be cell-and tissue type-specific and possibly via independent and differential molecular mechanisms.
